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Abstract  
 
Ant populations and their distribution are affected by many circumstances.  Abiotic 
factors such as weather, water availability, and soil characteristics may determine if a 
habitat is suitable for ants.  Other factors such as level of disturbance, available food 
resources, reproductive biology, and natural enemies also contribute to defining ant 
distribution.  Three ant species in East Baton Rouge parish, Louisiana were studied to 
determine what factors affected their distribution by measuring abiotic and biotic factors 
at sampling sites throughout the parish.  These factors included weather, water 
availability, vegetation types, level of disturbance, and soil characteristics.  Factors 
which predict abundance of Solenopsis invicta (RIFA), Linepithema humile (Argentine 
ants), and Brachymyrmex sp. (rover ants) were analyzed with stepwise regression, 
backward regression, and r-square selection method. The number of red imported fire 
ants foraging at Vienna sausage vials and honey vials were affected by cloud cover, 
vegetation type, relative humidity, and distance to nearest water source. Mounds of 
RIFA were most affected by percent of clay in the soil. Abundance of Brachymyrmex 
was affected by vegetation type, canopy cover, and bulk density, and presence of 
Argentine ants was affected by temperature, relative humidity, and bulk density. Bulk 
density may be associated with areas of high disturbance which would lead to soil 
compaction.   
Another study was conducted in the laboratory to determine the level of aggression 
demonstrated by RIFA and Argentine ants when they were allowed to interact.  
Intraspecific nestmate and non-nestmate interactions were observed for both RIFA and 
Argentine ants.  Interactions between lab-reared RIFA and field-collected RIFA were 
also examined. The level of aggression, role of the ant (initiator or respondent), and 
mortalities were studied.  Chi-square, logistic regression, and mixed model analyses 
were used to determine significant effects. When RIFA and Argentine ants interact, 
Argentine ants face a higher risk of mortality even though Argentines were the initiators. 
Lab-reared fire ants were less aggressive toward each other than toward field-collected 
RIFA and Argentine ants.   These aggression bioassays will help determine what occurs 
in the field at the interface of the two competing species and how this may affect their 
distribution. 
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Chapter 1 
Introduction and Review of the Literature 
 
Many factors such as temperature, humidity, vegetation type, level of disturbance, and 
soil characteristics affect the microhabitat where a particular ant species will live and 
how it will behave. Dispersal through mating flights, colony budding, flooding, and 
human activity all determine the distribution and the rate of spread for many species of 
ants. Resource availability and the ability of ants to exploit those resources faster and 
longer and to defend their territory influence ant abundance and diversity in a habitat. 
Determining what factors are most likely to limit a population of ants or influence its 
growth and spread has been the focus of many studies. 
 
Distribution and Description of Linepithema humile (Mayr) 
The Argentine ant, Linepithema humile (Mayr), was introduced to the United States in 
New Orleans, LA on coffee ships from Brazil sometime prior to 1891 when an 
infestation was first documented near Canal Street (Newell 1908, Foster 1908, Barber 
1922). By 1908, the Argentine ant had spread eastward into southern Mississippi, as far 
west as Lake Charles, LA, south to the Gulf of Mexico, and north as far as Alexandria, 
LA (Newell 1908). In 1922, the northern limit of these ants was Nashville, TN; the 
eastern limit was Wilmington, NC, and the western limit was central Texas (Barber 
1922), along with a separate infestation in California, documented in 1905 (Mallis 1941). 
Currently, populations of Argentine ants have been recorded as far north as Illinois 
(Online Catalog of Ants of North America 2003). A recent study has found that most 
introduced populations of Argentine ants are most similar to native populations from the 
southern Rio Parana region of Argentina and that this is the most likely source of 
introduced populations (Tsutsui et al. 2001).  
 
Although the Argentine ant has a large introduced range, an established colony spreads 
slowly on its own (about 10- 100 m/year) (Holway 1995, Crowell 1968, Erickson 1971), 
and the rate of invasion has seasonal variation (Sanders et al. 2001). Holway (1995) 
sampled the same sites as Tremper (1976) and Ward (1987) and discovered Argentine 
 2
ants are steadily expanding their territory into northern California short distances by 
natural diffusion through colony budding or long distances through human-mediated 
jump dispersal. Human-mediated jump dispersal has resulted in the establishment of 
this species on six continents and on many oceanic islands (Suarez et al. 2001).  
 
The Argentine ant had already proven itself a pest ant difficult to control by 1908 
(Newell 1908, Foster 1908). Early attempts at controlling this pest ant species included 
bichlorid-of-mercury bands which were placed around legs of tables, placing furniture 
legs in saucers of coal oil or moth balls, and the use of poisoned syrup baits (Barber 
1922). In the more recent past, populations of Argentine ants have been controlled with 
a highly toxic arsenal of chemicals including chlordane (Pasfield 1968) and arsenic baits 
(Hooper 1998), which are no longer approved methods of control. According to Rust et 
al. (2003), no control strategy using baits and/ or barrier sprays or granules has always 
been effective in controlling Argentine ant populations, but the most consistent control 
was achieved when sprays were applied around structures as perimeters and as spot 
treatments at likely nesting locations (Rust et al. 1990). In 1961, Skaife described the 
Argentine ant as "the most pernicious ant in the world" due to its ability to inflict damage 
and overwhelm with its sheer numbers. Historically, the Argentine ant had been an 
important pest species in the Baton Rouge, LA area documented by Charles L. Smith in 
his thesis from Louisiana State University in 1937. In his thesis, a section is dedicated 
for further explanation because this ant species was so troublesome. Also, records of 
Argentine ants document the presence of Argentine ants in East Baton Rouge Parish in 
1904 and 1907 (pers. comm. A. Suarez). The Argentine ant was probably displaced by 
the black imported fire ant, Solenopsis richteri, and the black imported fire ant was 
displaced by the red imported fire ant, Solenopsis invicta (Wilson 1951, Glancey et al. 
1976, Taber 2000). 
 
Some taxonomic characteristics of Linepithema humile (Mayr) which is in the subfamily 
Dolichoderinae is that they are small monomorphic ants (2.2- 2.6 mm long), typically 
brown in color, and have 12-segmented antennae with no club (Smith 1965).  To view a 
drawing of this ant, see figure 1.1. 
1 mm
Brachymyrmex sp.
Rover Ant
Linepithema humile
Argentine Ant Solenopsis invicta
Red Imported Fire Ant
Figure 1.1.  Illustration of ants.
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Abiotic Factors Affecting Argentine Ants 
Some abiotic factors that may affect the distribution of Argentine ants include 
temperature, humidity, soil characteristics, and water availability. The Argentine ant is 
typically not found in higher elevations due to its inability to survive long periods of cold 
weather (Mallis 1941). Argentine ants had their maximum abundance at baits when the 
mean temperature was 34 C, and they abandoned baits when temperatures exceeded 
41.6 C (Holway et al. 2002). This study also found that mean worker survival dropped 
when soil moisture was low (Holway et al. 2002). The Argentine ant prefers sand and 
clay loam soils and areas without dense vegetation (Way et al. 1997), and clay loam 
soils tend to hold soil moisture more than sandy soils (Brady and Weil 1999). The 
Argentine ant may be limited by how far it can stray from a permanent water source. 
Established colonies of Argentine ants found in riparian habitats and lower elevations 
provide evidence that this species thrives when soil moisture is higher, and the threat of 
desiccation is lower (Erickson 1971, Tremper 1976, Ward 1987, Holway 1995, Human 
et al. 1998). In California, Argentine ants are less frequently found in chaparral habitats, 
probably because of extreme aridity in the summer (Kennedy 1998). In riparian 
woodlands in California, Argentine ants were found to spread on average 16 meters per 
year in areas with a permanent stream flow and retreat on average 6 meters per year in 
areas with intermittent stream flow (Holway 1998b). Human et al. (1998) discovered that 
although Argentine ants and other ant species are less likely to be active when the 
relative humidity was low, the Argentine ants were more likely than other ants to be 
active. Although the Argentine ant appears limited by water availability, many firmly 
established colonies have been documented far from water sources (Way et al. 1997, 
Human et al. 1998). Water availability and temperature tolerances may offer a partial 
explanation for the occurrence of Argentine ants in certain habitat types, but these 
factors alone certainly do not explain everything.  
 
Biotic Factors Affecting Argentine Ants 
Other than abiotic factors, many biotic factors may affect the invasion success of 
Argentine ants. Argentine ants are not known to have nuptial flights (Skaife 1961), and 
they reproduce/disperse primarily through colony budding and can only cross great 
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distances with the aid of human activities or major disturbances (Human et al. 1998). 
The strategy of colony budding represents a trade-off of dispersal ability for potential 
colony immortality, which is a better risk when competitive pressure is less (Wilson 
1971). Worker production generally begins mid-March, and worker numbers increase 
throughout the rest of the year until worker production peaks then rapidly drops in 
October (Markin 1970). There is a buildup of the number of queens in a colony, and 
then the majority of the queens will be eliminated as some form of colony regulation 
(Markin 1970, Online Catalog of Ants of North America 2003). Argentine ant colonies 
occupy multiple nests (polydomy) (Online Catalog of the Ants of North America, 2003), 
and have used this aspect of their biology to establish nests, workers, and brood 
throughout the colony's foraging area increasing their foraging efficiency and 
competitive ability (Holway and Case, 2000).  
 
One reason invasive ants are so successful is because of their ability to adapt and 
occupy areas that would otherwise be unsuitable for other ants such as highly disturbed 
areas. A naturally occurring disturbance that Argentine ants benefit from is flooding; this 
species is capable of forming a tight ball of workers, brood, and queens, which can be 
carried downstream where new colonies could potentially establish (Barber 1922, Smith 
1965). Argentine ants live in close association with humans (Hölldobler and Wilson 
1990) and prefer to nest in areas disturbed by human activities (Passera 1994). In a 
study performed by Suarez et al. (1998), Argentine ants were shown to be present in 
habitat fragments especially near edges of developed areas with exotic vegetation and 
in edges near large unfragmented, undeveloped areas. Many studies have found that 
Argentine ant nests are not permanent structures; they may join with adjacent nests or 
they may all move from one area to another if conditions are unfavorable (Markin 1970, 
Aron et al. 1990). This invasive species thrives in disturbed habitats unsuitable for most 
sensitive ant species.  
 
Argentine ants are also well suited for an invasive lifestyle, because they are 
omnivorous, which means many food resources may be available opportunistically 
(Barber 1922). These ants will feed on floral and extrafloral secretions, chew on fruit 
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tree buds, honeydew from honeydew-secreting insects, and almost anything humans 
eat (Smith 1965). 
 
Competition and Argentine Ants 
Two different forms of competition often occur in ecosystems, exploitative competition 
and interference competition. Exploitative competition involves the ability of an ant 
species to locate a resource quickly and recruit high numbers of workers to the resource 
before other species of ants arrive. Argentine ants are better at exploiting food 
resources than native ants in California. The Argentine ants found and recruited to bait 
more consistently, had more ants at the bait, and foraged for a longer period of time 
(Human and Gordon 1996). Interference competition involves the ability of an ant 
species to defend a resource from other ant species or dominate a resource by 
attacking the ants already at the resource. Successful invasive ants may be more 
aggressive than native ant species, as in the case of Argentine ants, and are likely to 
initiate encounters with another ant species prompting that species to retreat (Human 
and Gordon 1999). The large numbers of Argentine ants, physical aggression, and 
chemical defensive compounds are also to be considered when noting the Argentine 
ants proficiency at interference competition (Holway 1999).  
 
The Argentine ant invasions are a detriment to ecosystems and community interactions 
(Fisher 1998).  Early research on the Argentine ant species noted that these ants were 
especially aggressive toward other ant species, yet demonstrated no antagonism 
toward other colonies of Argentine ants (Newell 1909). The interspecific interactions 
between Argentine ants and native ants often result in the displacement of native ants 
especially epigaeic species, creating less diverse communities (Crowell 1968, Human 
and Gordon 1997, 1999, Human et al. 1998, Holway 1998a, 1999). As early as 1908, 
the Argentine ant had displaced a potentially beneficial ant species Solenopsis 
geminata Fabr. and other ant species from the Audubon Park region of New Orleans 
(Foster 1908). Argentine ants not only compete against other ant species, but they also 
adversely affect invertebrate arthropod assemblages (Cole et al. 1992, Human and 
Gordon 1997). On the other hand, Holway's (1998a) research showed that areas 
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invaded by Argentine ants had similar abundances and diversities of non-ant arthropods 
when compared to uninvaded areas. Not only can Argentine ant invasions reduce the 
number of native ant species in an area, but they can also lead to a shift in the 
organization of native ant species in an area from segregation to aggregation or 
randomness (Sanders et al. 2003).  
 
Reasons that Argentine ants are superior competitors are that they typically occur in 
large numbers, and they lack of territorial boundaries and intraspecific competition 
(Porter and Savignano 1990, Barber 1922, Holway 1998b, Holway et al. 1998). The loss 
of intraspecific aggression has enhanced the ability of the Argentine ants to be 
successful invaders because they suffer from lower mortality, forage more efficiently, 
and have greater brood production and larger worker populations than Argentine ants 
displaying intraspecific aggression (Holway et al. 1998). The loss of intraspecific 
aggression, which allows Argentine ants to form supercolonies, may be caused by a 
loss of genetic variability (Tsutsui et al. 2000). Giraud et al. (2002) contend that this loss 
of intraspecific aggression is not caused by an absence of genetic variation, but the 
result of a "genetic cleansing" of recognition cues. "Unicoloniality, release from natural 
enemies, and carbohydrate surplus probably all interact with one another in the 
Argentine ant's introduced range, allowing the size, structure, and behavior of colonies 
to reach levels at which they become competitively invincible" (Holway 1999).  
 
Distribution and Description of Solenopsis invicta Buren 
The red imported fire ant (RIFA), Solenopsis invicta Buren, was introduced to the United 
States in Mobile, AL between 1930 and 1940 from drainage in the ballast of ships from 
the Paraguay River. In 1974, RIFA had not spread into Tennessee and was only 
marginally present in Arkansas; westward expansion was limited to east Texas and 
major cosmopolitan areas in Texas, and eastward expansion reached the Atlantic coast 
(Buren 1974). By 1990, RIFA had spread throughout the southern United States, and 
had already surpassed the originally predicted northern limit (average annual minimum 
temperature < -12.3 C, Vinson 1997). Korzukhin et al. (2001) predicts that RIFA will 
expand into portions of Oklahoma and Arkansas in the north, Virginia, Maryland, and 
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Delware in the east, New Mexico, Arizona, California, Oregon, Nevada, and maybe 
even Washington and Utah in the west based on soil temperatures. The red imported 
fire ant has also spread to coastal California and Puerto Rico (Taber 2000). The rate of 
invasion for RIFA is remarkably similar to that of Argentine ants (Tsutsui and Suarez 
2003).  
 
According to Pimentel et al. (2000), nearly $1 billion are spent each year on costs 
associated with the RIFA invasion. Red imported fire ants have caused problems in 
urban settings, agricultural settings, and in wildlife management programs (Vinson 
1997). They can be a medical threat to humans susceptible to anaphylactic shock or an 
economic issue due to damaged equipment and expensive treatment efforts (Vinson 
1997). Many attempts at eradicating RIFA have been made. Early efforts at controlling 
RIFA included the use of heptachlor and Mirex, which have both been found to 
bioaccumulate in the environment and cause non-target effects (Taber 2000). Although 
the current arsenal of chemicals used against RIFA may seem large, many of the 
chemicals are not as effective as Mirex (Taber 2000). Some of the chemicals used 
currently include insect growth regulators, hydramethylnon, acephate, diazonon, 
bifenthrin, fipronil, and diatomaceous earth. In fact, in Louisiana there are >115 
chemicals registered for use against fire ants.  
 
Some taxonomic characteristics of Solenopsis invicta Buren (subfamily Myrmicinae) are 
that they are polymorphic, approximately 2.4 to 6.0 mm long, typically brownish red in 
color, and have 10-segmented antennae with a 2-segmented club (Ferster et al. 2000). 
To view a drawing of this ant, see figure 1.1. 
 
Abiotic Factors Affecting Red Imported Fire Ants 
Red imported fire ants are similar to Argentine ants, because they too tolerate a wide 
range of temperature (22 C to 36 C) and humidity (Vinson 1997, Phillips, Jr. et al. 1996). 
Unlike Argentine ants, RIFA are hearty ants, tolerating high temperatures (40.7 C) 
(Cokendolpher and Phillips, Jr. 1990) and resisting desiccation (Phillips, Jr. et al. 1996, 
Braulick et al. 1988). Porter and Tschinkel (1987) reported that relative humidity did not 
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affect foraging activity of RIFA, but shady habitats limited foraging activity due to cooler 
temperatures. The red imported fire ant prefers to forage when soil temperatures are 
above 10 C (Markin et al. 1974). Potts et al. (1984) found that there were no relative 
humidity preferences for RIFA unless brood were present. In a similar study, RIFA 
preferred slightly higher temperatures when relative humidity was 100% than when 
relative humidity was 0% (Cokendolpher and Francke 1985). Colony growth occurs 
when temperatures are between 24 and 36 C, and experience optimal growth at 32 C 
(Porter 1988). Red imported fire ants, like other ants, are reliant on suitable weather 
conditions to forage and experience colony growth. 
 
The red imported fire ant may also be limited by water availability, but has managed to 
travel westward in lowland and irrigated areas (Vinson 1997). In the arid areas of 
southern California, where it has recently invaded, the RIFA is most prevelant in 
irrigated areas (Hooper-Bùi pers. comm.), RIFA does not appear to be as dependent 
upon permanent water sources as the Argentine ant. The red imported fire ant prefers 
clayey rather than sandy soils with higher soil moisture and lower bulk density, which 
allows RIFA to build larger mounds and better foraging tunnels (Ali et al. 1986). Clay 
mounds can be built higher over time, resist weathering, and retain their shape and size 
as opposed to mounds built with lighter, sandier soils (Wojcik 1983). These larger 
mounds also serve as an escape from excessive soil moisture (Wojcik 1983). Abiotic 
factors like suitable weather, readily available water sources, and appropriate soil 
characteristics may determine the ability of RIFA to successfully establish in an area.  
 
Biotic Factors Affecting Red Imported Fire Ants 
Unlike Argentine ants, RIFA have two forms, monogyne and polgyne, which have 
different reproductive/ dispersal strategies. Polygyne RIFA have multiple queens in a 
colony, demonstrate no territoriality, and disperse primarily through colony budding 
(Vinson 1997). The rate of invasion (10-40 meters per year (Porter et al. 1988)) for this 
polygyne imported fire ant is similar to that of the Argentine ant (Holway 1998a). 
Monogyne RIFA have only one queen per colony, form defined colonies, and are highly 
territorial (Vinson 1997). They primarily disperse via mating flights, although many 
 10
colonies have become established because of human activities and disturbances 
(Vinson 1997). The monogyne form is capable of reaching high population densities and 
dispersing via mating flights making this form of RIFA substantially different from 
Argentine ants and polygyne RIFA, but also an extremely successful invasive form of 
this species. The red imported fire ant may have something else in common with the 
Argentine ant; it too has lost genetic diversity during introduction to the United States 
(Tsutsui and Suarez 2003). 
 
Other biotic factors affecting RIFA include level of disturbance and feeding habits.  Red 
imported fire ants, like Argentine ants, thrive in disturbed habitats whether from natural 
causes or from human activity. Red imported fire ants benefit from flooding too; they 
also travel downstream and may establish new colonies and expand their distribution 
(Vinson 1997).  Red imported fire ants are also omnivorous, which means many food 
resources may be available opportunistically (Vinson 1997). However, RIFA have been 
shown to prefer proteinaceous baits during times of the year when temperatures were 
highest (Stein et al. 1990). 
 
Competition and Red Imported Fire Ants 
Red imported fire ants are also fierce competitors. Intraspecific interactions and 
interspecific interactions, specifically exploitative and interference competition, structure 
ant communities and define some as species as dominants and others as subordinates. 
In a study by Jones and Phillips, Jr. (1990), RIFA were found to be less efficient at 
foraging than native ants, yet native ants are probably still out-competed because of the 
large colony sizes of RIFA. The interspecific interactions between native ants and RIFA 
often result in the displacement of native ants, creating less diverse communities (Hung 
1978, Banks 1989, Human and Gordon 1997, 1999, Human et al. 1998, Holway 1998a, 
1999, Morrison 2002). Like Argentine ants, RIFA not only compete against other ant 
species, but they also adversely affect invertebrate arthropod assemblages in a variety 
of habitats (Porter et al. 1988, Porter and Savignano 1990, K. Landry unpubl. data). As 
RIFA colony numbers increase, native ant populations are reduced due to direct 
predation or indirectly through competition for food or nest sites (Wojcik et al. 1983). 
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RIFA are also quite numerous, and the polygyne form of this species resembles 
Argentine ants in its absence of intraspecific aggression (Human and Gordon 1996, 
Holway 1999). Escape from natural enemies may also play an important role in RIFA 
population increases (Porter 1997, Morrison 2000).  
Distribution and Description of Brachymyrmex sp. 
Brachymyrmex sp. occur frequently and often in moderate numbers in Louisiana, and 
they are thought to be native to the United States (Deyrup et al. 1988). They occur 
throughout North America from New England to California (Online Catalog of the Ants of 
North America 2003). These ants have recently been assigned the common name 
"rover ants" (Ferster et al. 2000). This genus consists of relatively few species with only 
2-3 described species in North America, but there may be as many as ten species that 
occur in the US (Deyrup et al.1988). The genus is in need of taxonomic revision 
(Deyrup et al. 1988), and it has been called "a miserable little genus" by Creighton 
(1950).  
 
Brachymyrmex sp. (subfamily Formicinae) are tiny monomorphic ants about 1-2 mm 
long with a large abdomen. These ants are typically brown to black with 9-segmented 
antennae lacking a distinct club (Figure 1.1). 
  
Biotic Factors Affecting Rover Ants 
One species of Brachymyrmex (Brachymyrmex, sp. nr. obscurior Forel) has a strong 
preference for open grassy disturbed areas such as lawns and roadsides, but also are 
found in naturally disturbed habitats (Deyrup et al. 1988). This is similar to the 
Brachymyrmex sp. I have collected in East Baton Rouge Parish, LA. These small ants 
are commonly found in potted plants in urban areas, and like RIFA and Argentine ants, 
they appear to thrive in disturbed habitats with much human activity. Brachymyrmex 
feed on honeydew from other insects like aphids and form small colonies in the soil in 
decaying wood or beneath stones (Dennis 1938, Smith 1947, Warren and Rouse 1969, 
Online Catalog of Ants of North America 2003). These ants commonly coexist with 
RIFA, but because they do not bite or sting, they are not typically a nuisance to humans 
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or animals. Little research has included these ants, and almost nothing is known about 
them. 
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Chapter 2  
Ecological Factors Affecting the Distribution of Solenopsis invicta Buren, 
Linepithema humile (Mayr), and Brachymyrmex sp.  
 
Introduction 
Many factors such as weather, vegetation type, level of urbanization, soil 
characteristics, and water availability affect the microhabitat where a particular ant 
species will live and how it will behave. Dispersal through mating flights, colony 
budding, flooding, and human activity all determine the distribution and the rate of 
spread for many species of ants. Resource availability and ability of ants to exploit 
resources faster and longer and to defend their territory influence ant abundance and 
diversity in a habitat. Determination of factors most likely to limit a population of ants or 
influence its growth and spread have been the focus of many studies.  
 
The red imported fire ant (RIFA), Solenopsis invicta Buren, appears to be limited by 
water availability and has managed to travel westward in lowland and irrigated areas 
(Vinson 1997). RIFA primarily disperse via mating flights and budding, although many 
colonies have become established because of human activities and disturbances 
(Vinson 1997). One major disturbance from which RIFA benefit is flooding. These ants 
are capable of forming a tight ball of workers, brood, and queens, which is carried by 
floating to a new location where new colonies could potentially establish (Vinson 1997). 
Soil properties, vegetation, temperature, and humidity affect where an invasive species 
establishes. The red imported fire ant prefers clayey rather than sandy soils with higher 
soil moisture and lower bulk density, which allows RIFA to build larger mounds and 
better foraging tunnels (Ali et al. 1986). RIFA are also very tolerant of a wide range of 
temperatures, 22 C to 36 C, and humidity (Vinson 1997, Phillips, Jr. et al. 1996).  
 
The red imported fire ant was introduced to the United States in Mobile, AL between 
1930 and 1940 from Paraguay River drainage in the ballast of ships. By 1990, RIFA had 
spread throughout the southern United States, and had already surpassed the originally 
predicted northern limit of an average annual minimum temperature = < -12.3 C (Vinson 
1997). Another invasive ant species that was introduced into the United States through 
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New Orleans is Linepithema humile (Mayr) or the Argentine ant. Historically, the 
Argentine ant has been a pest species in Baton Rouge, LA (Smith 1937). This ant has 
invasive qualities similar to the red imported fire ant because it thrives in highly 
disturbed habitats and has largely depended on human transportation to increase its 
range. Argentine ants reproduce through colony budding (Human et al. 1998), prefer 
moist habitats with available water sources (Erickson 1971, Tremper 1976, Ward 1987, 
Holway 1995, Human et al. 1998), and are a fierce competitor of native ant species 
(Holway 1999, Human and Gordon 1999). 
 
Another ant that is especially intriguing is Brachymyrmex sp. It occurs frequently and 
often in moderate numbers in Louisiana. Recently, Brachymyrmex has received more 
attention because of its increasing pest status in Louisiana, particularly in areas where 
fire ants have been suppresssed (Hooper-Bùi pers. comm.). Ants in the genus 
Brachymyrmex feed on honeydew from other insects like aphids and form small 
colonies in the soil in decaying wood or beneath stones (Dennis 1938, Smith 1947, 
Warren and Rause 1969, Online Catalog of Ants of North America 2003). These small 
ants are commonly found in potted plants in urban areas, and like RIFA and Argentine 
ants, they appear to thrive in disturbed habitats with much human activity. These ants 
commonly coexist with RIFA, but because they do not bite or sting, they are not 
injurious to humans or animals. Little research has included these ants, and almost 
nothing is known about them. The genus needs revision (Deyrup et al. 1988), and it has 
been called "a miserable little genus" by Creighton (1950). 
 
The objectives of this study were to measure weather factors, vegetation type, soil 
characteristics, level of urbanization, and water availability to develop a model that 
would predict the presence of red imported fire ants, Argentine ants, and Brachymyrmex 
sp. 
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Materials and Methods 
Study Site Selection 
Study sites were selected by placing a grid over a map of East Baton Rouge Parish with 
points occurring every three miles. The grid was created with the DMAP program 
(Disease (Distance) Mapping and Analysis Program 1997), and resulted in 52 grid 
points throughout the parish. A one-mile buffer zone was placed around each grid point 
on the map using ArcView 3.2a (Environmental Systems Research Institute 2002). 
Sampling for all species of ants was performed at each grid point within the one-mile 
buffer zone, and a GPS datalogger (Trimble Geoexplorer 3c) was used to confirm 
location within the one-mile buffer zone and record the transect and its direction.   
An attempt was made to find an appropriate sampling site as close as possible to the 
center of each grid point. An appropriate sampling site was defined as a site with less 
than 30% concrete or pavement, some vegetation, and relatively little disturbance 
during the sampling period. Therefore, places such as busy streets, occupied 
playgrounds, and construction sites were not chosen. Examples of acceptable sampling 
sites include medians of streets, unoccupied playgrounds/parks, pastures, wooded 
areas, vacant lots, utility company property, cemeteries, and residential yards.  
To reduce seasonal/diurnal factors effect on the overall results, the sampling sites 
visited on a single day were not aggregated together. All sites sampled on a single day 
(approximately five) were represented by grid points forming a randomly selected 
transect across the parish. Twenty- four sites were sampled in 2002 during July, 
August, September, and October, and 28 sites were sampled in 2003 during March, 
April, May, and June for a total of 52 sites (Figure 2.1).  
 
Measuring Ant Abundance  
Ants were sampled using two types of food traps. Twenty-ml screw cap vials were filled 
with approximately three grams of honey or Vienna sausage. The vials were covered 
with aluminum foil to prevent the contents from overheating. At each site, an 80-m 
transect was established in a random direction. Ten vials were placed along the 
transect every eight meters, alternating Vienna sausage vials and honey vials (Figure 
2.2). Depending on temperature, vials were left out for 40 minutes to one hour.  Ants will 
Figure 2.1. Map of East Baton Rouge parish, Louisiana with 52 sampling sites (gold blocks) and 
three Argentine ant sites (letter “A”). Aerial view from Louisiana GIS CD (1999).
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leave the vial if it becomes overheated. Foraging ants were captured inside the vials by 
quickly screwing on the caps.  The vials were then transported back to the laboratory  
and were frozen to kill the captured ants. All ants in the vials were counted and 
identified. Active RIFA mounds were counted on the transect and in a three meter band 
on both sides of the transect. 
 
Because Brachymyrmex does not always visit food vials, an estimation of the 
Brachymyrmex population was also made based on a search of the area near the 
transect.  Ratings were assigned based on how many Brachymyrmex were observed 
(Table 2.1).  An aspirator and forceps were used to collect live ants at the sampling site. 
The general area, including fences, trees, plants, and the ground was examined for 
ants, not just along the transect.   
 
Table 2.1. The rating scale used for estimating abundance of Brachymyrmex sp. 
 
 Brachymyrmex sp. Abundance   Rating 
     none found          1 
     few found, but no trails         2 
      some found with trails         3 
      many found, but no nest        4 
       many found with nest         5 
 
 
Argentine ants have a clumped population distribution and a relatively small population 
size in East Baton Rouge Parish. Because Argentine ants were not encountered during 
the survey of the parish, Argentine ants were sampled methodically from three areas 
within the parish known to have Argentine ants (Figure 2.1). These areas were sampled 
in exactly the same manner as all other sites. 
= Vienna Sausage Vial = Honey Vial
Yellow Area for Mound Counts = 6 m
80 m
8 m
= Soil Samples
V V V
V
VVH HHH
H
H
Figure 2.2. Depiction of transect with alternate placement of Vienna sausage and honey vials, three soil sampling points, and 
3m area on either side of the transect where red imported fire ant mounds were counted. 
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Soil Properties  
Individual soil samples of known volume (70.7 cm3) were taken with a hole saw blade at 
the beginning, middle (approximately 40 m), and end of the transect (Figure 2.2). These 
soil samples were placed in individual paper bags for transport back to the laboratory 
where they were dried. Bulk density is calculated by taking dry soil weight (g) and 
dividing it by the known volume (cm3). A more detailed protocol for measuring bulk 
density can be found in the appendix. 
 
Another combined soil sample of >500 g consisting of soil from the beginning, middle, 
and end of transect was also collected (Figure 2.2). Soil from the topmost soil layer was 
collected with a trowel, then this combined sample was sifted in the field using a box 
sifter with 1cm2 holes to exclude large items of debris such as sticks, roots, and gravel. 
This combined soil sample was placed in a resealable plastic storage bag for transport 
back to the laboratory. From this combined soil sample, soil moisture and soil texture 
were determined. A small subsample of fresh soil was weighed, then dried in an oven, 
and used to calculate soil moisture for that transect. Another small subsample was used 
to measure the percent sand, silt, and clay for that transect. A more detailed protocol for 
measuring soil moisture and determining soil texture can be found in the appendix. 
 
Vegetation 
At each site, the vegetation was assigned to one of the following categories: sparse with 
small amounts of grass or groundcover, mostly grass or similar to a pasture, mostly 
grass or groundcover with few trees, mostly trees/woody plants with small amounts of 
groundcover, or dense stand of trees. 
 
Weather Factors  
Ambient air temperature used in the analysis was composed of the average 
temperature for the hour from three parish weather stations. These measurements are 
from the Louisiana State Climatology Office (Baton Rouge Metropolitan Airport location) 
and the Louisiana State University AgCenter Experimental Research Stations (Burden 
and Ben Hur locations). Relative humidity was measured at each site with a VWR 
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TraceableTM digital humidity/temperature meter. Cloud cover and canopy cover were 
both estimated by counting the number of vials on the transect covered by either clouds 
or canopy. 
 
Water Availability 
The types of water sources available for the ants were described as either permanent or 
temporary, and the relative sizes of the water sources were noted. The distance from 
the transect to the nearest water source was also recorded.  
 
Urbanization 
At each site, the amount of disturbance from human activity was estimated.  This kind of 
disturbance will be referred to as urbanization.  Three categories were used in analysis: 
low, medium, and high urbanization. The low urbanization category was assigned to 
sites, which appeared to have experienced no catastrophic disturbances within the last 
five years. The medium urbanization category was assigned to those sites that 
appeared to have not been disturbed for at least two months, but appeared to have 
been disturbed within the last five years. The high urbanization category was assigned 
to those sites that appeared to have been disturbed regularly, including sites disturbed 
within the last two months. 
 
Analyses 
Principle component analysis was used for data exploration of the ecological factors. 
Because this was a measurative experiment, the response variables of number of RIFA 
from Vienna sausage vials, RIFA from honey vials, and RIFA mounds, and presence of 
Argentine ant were analyzed using these post-hoc tests: stepwise regression, backward 
elimination, and the r-square selection methods. Brachymyrmex sp. abundance ratings 
were analyzed using logistic regression.   When no significant factors were elucidated, a 
few factors with the lowest p -values will also be presented.  These factors are referred 
to as the "important" factors or variables and do not convey significance, but are 
reported to provide guidance for future studies. All analyses were performed using the 
SAS version 9.0 software package (SAS Institute Inc., 2002).  
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Results 
Many ecological factors were measured, including temperature, relative humidity, level 
of urbanization, and soil characteristics.  The mean temperature of all sites visited was 
22.7 C with a range from 10.6-30.0 C, and the mean relative humidity was 54.8% with a 
range from 23.0-93.6%.  A majority of the sites visited (60%) were classified as high 
urbanization habitats, and had an average soil bulk density of 0.99 g/cm3.  Highly 
disturbed areas may have higher bulk densities due to compaction of the soil.  Also, the 
soil texture at the sampling sites was composed of primarily silt (61.4%) with a range 
from 21.1-81.2%.  All factors measured and their means or percentages are presented 
in Table 2.2. 
 
Principle component analysis revealed that urbanization factors and weather factors 
were important variables to consider in further analysis. Factor one contained high 
proportions of urbanization variables and some vegetation types. Vegetation types may 
be associated with urbanization in many areas. An example would be mowed grass. 
Factor two had high proportions of many weather related factors such as temperature, 
relative humidity, and cloud cover. Factors one and two explained 28% of variation 
between the sites sampled in this study.  
 
The number of RIFA in Vienna sausage vials ranged from 0 to 326 (mean) and were 
most affected by cloud cover (F= 7.88, df= 2, 49, p= 0.0071) and vegetation consisting 
of mostly trees and small amounts of grass or groundcover (F= 12.06, df= 2, 49, p= 
0.0011) in both the stepwise regression and backward elimination analyses. 
Temperature (F= 3.45, df= 3, 48, p= 0.0696), although not significant, was the last 
variable to be removed in backward elimination and appeared frequently as an 
important variable in the r-square selection method. All other variables entered were not 
significant.  
 
More RIFA came to Vienna sausage vials than any other ant species, composing 98% 
of captured foragers. Other species, ranked in order of abundance, which foraged on 
Vienna sausage include Pheidole sp., Brachymyrmex sp., another species of  
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Table 2.2.  Summary data for all factors measured.  The means include all sites 
sampled (N= 55), and the percentages reflect the number of sites characterized by that 
factor divided by the total number of sites sampled. 
 
Factors                   Value                         Range 
Weather 
Temperature                        avg.= 22.7 C              10.6-30.0 C 
Relative Humidity                       avg.= 54.8%                 23.0-93.6% 
Cloud Cover                                   avg.= 56.3%                0.0-100.0% 
Vegetation Type 
Canopy Cover                        avg.= 39.8%               0.0-100.0% 
Mostly grass / pasture (% of total sites)           30.9 %   
Mostly grass, few trees (% of total sites)           49.1 % 
Trees, small amount groundcover (% of total sites)    12.7 % 
Dense stand of trees (% of total sites)   7.3 % 
Urbanization 
Highly urbanization level (% of total sites)          60.0 %   
Medium urbanization level (% of total sites)          36.4 % 
Low urbanization level (% of total sites)             3.6 % 
Water Availability 
Distance to nearest water source             avg.= 18.6 m              0.0- >60.0m 
Soil Properties 
Bulk Density                          avg.= 0.99 g/cm3     0.71-1.46 g/cm3 
Soil Moisture               avg.= 23.9%                3.85-59.0% 
Sand                          avg.= 29.0%                5.60-77.6% 
Silt                avg.= 61.4%                21.1-81.2% 
Clay                          avg.= 9.57%                  0.0-20.4% 
Food Vial Counts 
RIFA in Vienna sausage             avg.= 108.9               0-326 
RIFA in honey              avg.= 15.7              0-260 
Other Ant Abundance 
RIFA mound counts              avg.= 3.42                          0-22 
Brachymyrmex sp. ratings (% of total sites) 
 none                 7.3 % 
 few / no trails             36.4 % 
 some / trails             38.2 % 
 lots / no nest             16.4 % 
 lots / nest               1.8 % 
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Solenopsis, Hypoponera sp., Camponotus sp., Aphenogaster sp., and Dorymyrmex sp. 
Also, nearly seven times more RIFA came to Vienna sausage vials than to honey vials.  
These counts and percentages of ants visiting food vials can be found in Table 2.3. 
 
  
Table 2.3.  Ant Species Collected in Food Vials. 
  
Ant Species                  No.                     %                 No.              %          % of Total 
             V. sausage      V. sausage       Honey         Honey 
Solenopsis invicta     29,752              98             4,310        86.8               96.5 
Brachymyrmex sp.            24           0.08            159          3.2        0.52 
Pheidole                      493           1.63                448             9               2.67 
Hypoponera             11               0.036                   0                0                0.03 
Camponotus a                      5                 0.16                   2           0.04                0.02 
Camponotus b                      0                      0                   1           0.02              0.003 
Aphenogaster                       1               0.003                   0                0              0.003 
Dorymyrmex                         1               0.003                   0                0              0.003 
Monomorium                        0                      0                  43           0.87                0.12 
Solenopsis sp.                    48                 0.16                   0                0                0.14 
       Total all ants                        35,298 
Total V. sausage ants          30,335 
Total Honey ants               4,963 
 
 
The number of fire ants in the vials with honey ranged from 0 to 260 (mean).  Stepwise 
regression analysis of number of RIFA in honey vials revealed that there were no 
significant variables that would help predict RIFA presence. However, by examining the 
r-square selection method and the backward elimination, distance to the nearest water 
source (F= 2.26, df= 2, 49, p= 0.1388), relative humidity (F= 2.56, df= 1, 50, p= 0.1156), 
vegetation type [especially the grassy areas with a few trees (F= 1.14, df= 4,47, p= 
0.2917), and those areas with trees and only a small amount of grass or groundcover 
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(F= 0.39, df= 6, 45, p= 0.5336)], and soil bulk density (F= 0.95, df= 3,48, p= 0.3358) 
appeared to be the most important variables to consider.  Of the ants captured 
in honey vials, 86.8% of them were RIFA. The other species of ants that foraged at the 
honey vials, ranked in order of abundance, were Pheidole sp., Brachymyrmex sp., 
Monomorium sp., and Camponotus sp.  Table 2.3 shows the numbers and percentages 
of ant species visiting vials. 
 
Stepwise regression revealed that the only significant variable related to RIFA mound 
numbers was percent of clay in the soil (F= 4.46, df= 1, 50, p= 0.0398). Examination of 
the r-square selection method showed that a high level of urbanization and vegetation 
type (especially grassy, pasture like areas) were also important variables. Also 
percentages of sand (F= 0.85, df= 1, 50, p= 0.3603), silt (F= 3.69, df= 2, 49, p= 0.0604), 
and clay (F= 2.81, df= 4,47, p= 0.1001) had relatively lower p-values than most of the 
other variables considered. Bulk density (F= 1.48, df= 6,45, p= 0.2304) also had a 
relatively low p-value. 
 
Argentine ants were not found at the 52 sampling sites, so they were sampled from 
areas of known infestations.  Argentine ant presence could not be predicted by any 
significant variables using stepwise regression or backward elimination. However, in the 
backward elimination and in the r-square selection method, temperature (F= 3.71, df= 
1,53, p= 0.0595), relative humidity (F= 2.32, df= 2,52, p= 0.1336), and bulk density (F= 
1.18, df= 4,50, p= 0.2819) were some of the more important variables.  
 
The Brachymyrmex ratings were ultimately divided into two categories, high or low, and 
a logistic regression was performed. Although the logistic regression's backward 
elimination revealed that no variable was significant in predicting the presence of 
Brachymyrmex sp., areas with mostly grass and few trees (χ2= 3.53, df= 1, p= 0.0604), 
canopy cover (χ2= 2.79, df= 1, p= 0.0949), and bulk density (χ2= 2.62, df= 1, p= 0.1052) 
were important factors affecting this species.  
 
 
 30
Discussion 
Both increased cloud cover and areas with trees and small amounts of grass or 
groundcover were significant variables predicting RIFA abundance in Vienna sausage 
vials. Temperature, although not significant, also stood out as an important variable. 
These factors all reflect one common trend for foraging RIFA. RIFA chose to forage 
when it was cooler because of the increased cloud cover and in areas with available 
canopy cover from trees. Also, RIFA have been shown to prefer proteinaceous baits 
during times of the year when temperatures were highest (Stein et al. 1990). This might 
explain the preference of foraging RIFA for Vienna sausage over honey. 
 
RIFA abundance at honey vials also had no significant predictor variables, but other 
variables such as vegetation types, relative humidity, distance to the nearest water 
source, and bulk density appeared to have some bearing on the likelihood that RIFA 
would forage to honey vials. Although the honey vials still attracted more RIFA than any 
other ant species, this food vial was more likely to have other ant species when 
compared to the Vienna sausage vials. This association with other ant species and their 
foraging to honey might also be attributable to the vegetation types, relative humidity, 
distance to the nearest water source, and bulk density. RIFA are robust ants that can 
tolerate high temperatures (Cokendolpher et al. 1990) and resist desiccation (Phillips, 
Jr. et al. 1996 and Braulick et al. 1988). However, Porter and Tschinkel (1987) reported 
that relative humidity did not affect foraging activity of RIFA, but shady habitats limited 
foraging activity due to cooler temperatures.   
 
It is not surprising that the occurrence of RIFA mounds may be predicted by the percent 
of clay in the soil. In fact, Ali et al. (1986) wrote that higher RIFA populations were 
present in clayey fields, which would have lower bulk densities and higher soil moisture. 
RIFA cannot build mounds in areas that are too sandy, and sandy soils present a 
greater threat of desiccation. RIFA also thrive in disturbed habitats and in pastures, 
which was reflected in these results.  
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Although the mounds were associated with soils of increasing bulk density rather than 
decreasing bulk density, this could be due to the fact that these soils experience a high 
level of urbanization which compacts the soil such as heavy lawnmowers and high foot 
traffic. In agricultural lands the bulk density typically increases over time because of 
heavy farming equipment (Brady and Weil, 1999). Presumably mowing equipment in 
urban areas would cause similar changes. 
 
No significant variables were revealed that would predict Argentine ant abundance. 
Those factors that were most important included air temperature, relative humidity, and  
soil bulk density. According to Human et al. (1998), Argentine ants were more likely 
than other ant species in California to actively forage in air temperatures up to 45 C and 
when the relative humidity is less than 40%. However, Holway et al. (2002) found that 
Argentine ants were the least able to tolerate high temperatures (46 C and higher) when 
compared to native ants species and that Argentine ants had highest survival rates 
when colonies were kept moist. Human et al. (1998) also found Argentine ants to be 
highly correlated to close proximity to water and areas bordering high urbanization. The 
tie between Argentine ants and a close proximity to water has also been shown by 
Ward (1987) and Holway (1995). The three areas sampled for Argentine ants in East 
Baton Rouge parish were in close proximity to water sources, a lake, a drainage canal, 
and a lower elevation area that frequently held water. Fine textured soils such as silt 
loams, clays, and clay loams generally have lower bulk densities (Brady and Weil, 
1999), and Argentine ants are commonly found in sand and in clay loam soils (Way et 
al. 1997) which might explain a tolerance for a range of bulk densities. The three 
Argentine ant sites were all in areas of high urbanization where heavy lawnmowers and 
frequent traffic may have caused increased bulk densities.  
 
Although no significant variables could serve as predictors of Brachymyrmex sp. 
abundance, areas of mostly grass with a few trees, canopy cover, and soil bulk density 
were all factors that affect this ant species. Brachymyrmex sp. are commonly found in 
urban settings occupying niches such as potted plants or around the roots of plants. 
Therefore, it is reasonable that Brachymyrmex sp. should be associated with mostly 
 32
grassy areas with a few trees and that those areas would have increasing levels of 
canopy cover. This genus is known to attend to honeydew secreting insects and forms 
small colonies in the soil, nesting in decaying stumps and in the ground under stones 
(Dennis 1938, Smith 1947, Warren and Rause 1969, Online Catalog of Ants of North 
America 2003). The association with increasing bulk density may again be due to 
habitats in areas of high urbanization which could lead to increased bulk densities. 
 
Although no clear models of specific variables can be obtained for predicting the 
occurrences of RIFA, Argentine ants, and Brachymyrmex sp., much valuable data was 
gathered. A gridded map with sampling sites every three miles was still too large-scale 
to catch a pest species known to occur within the parish. Little information is known 
about the interface between RIFA and Argentine ants, and this study was an attempt to 
measure factors that may separate out these species and where they will occur. 
Although Brachymyrmex sp. is a tiny ant, it has the potential of becoming a pest species 
and more needs to be understood about its biology. 
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Chapter 3 
Biotic Factors Affecting Ant Distribution: Interspecific and Intraspecific Ant 
Aggression 
 
Introduction 
Two ant species, Linepithema humile (Mayr) and Solenopsis invicta Buren have 
successfully invaded the southeastern United States. Although invasive species are 
often characterized by their superior competitive capabilities and usually face little 
competition from native ant species, the greatest threat to these invaders may be the 
introduction of yet another invasive species (Tsutsui et al. 2003).  It is speculated that 
this may be what happened to the Argentine ants in the southeastern United States.  
The invasion of Argentine ants was followed by an invasion of the black imported fire 
ant (Solenopsis richteri), and the invasion of the black imported fire ant was followed by 
the invasion of the red imported fire ant (Wilson 1951, Glancey et al. 1976, Taber 2000).  
Argentine ant populations decreased and in some areas disappeared.  Currently, in 
Louisiana populations of Argentine ants are being discovered in areas once thought to 
be dominated by the red imported fire ant.  The objective of this study was to compare 
the level of aggressiveness displayed between Argentine ants and red imported fire 
ants.   This information may provide some evidence explaining the competition that 
occurs in the field in areas occupied by these two competing invasive species and may 
offer information to help predict what might happen when red imported fire ants invade 
an area occupied by Argentine ants or vice versa.   
 
Argentine Ants 
The Argentine ant was introduced into the United States in New Orleans, LA on coffee 
ships from Brazil sometime prior to 1891 when an infestation was first documented near 
Canal Street (Newell 1908, Foster 1908, Barber 1922). Although the Argentine ant has 
a large introduced range, an established colony spreads slowly on its own (about 10- 
100 m/year) through colony budding (Holway 1995, Crowell 1968, Erickson 1971). In 
1961, Skaife described the Argentine ant as "the most pernicious ant in the world" due 
to its ability to inflict damage and overwhelm with its sheer numbers. Historically, the 
Argentine ant had been an important pest species in the Baton Rouge, LA (Smith 1937).  
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Red Imported Fire Ants 
Another species which is currently considered the number one ant pest in Baton Rouge, 
LA is the red imported fire ant (RIFA).  This ant species was introduced into the United 
States in Mobile, AL between 1930 and 1940 from Paraguay River drainage in the 
ballast of ships. By 1990, RIFA had spread throughout the southern United States, and 
had already surpassed the originally predicted northern limit (average annual minimum 
temperature < -12.3 C) (Vinson 1997). The red imported fire ant has also spread to 
coastal California and Puerto Rico (Taber 2000). Unlike Argentine ants, RIFA have two 
forms, monogyne and polgyne, which have different reproductive/ dispersal strategies. 
Polygyne RIFA have multiple queens in a colony, demonstrate no territoriality, and 
disperse primarily through colony budding (Vinson 1997). Monogyne RIFA have only 
one queen per colony, form defined colonies, and are highly territorial (Vinson 1997). 
They primarily disperse via mating flights, although many colonies have become 
established because of human activities and disturbances (Vinson 1997).  The 
monogyne form is capable of reaching high population densities and dispersing via 
mating flights making this form of RIFA substantially different from Argentine ants and 
polygyne RIFA, but also an extremely successful invasive species.  The Argentine ants 
and the red imported fire ants have many characteristics in common which make them 
both formidable invasive species.  Both of these species thrive in highly disturbed 
habitats, are omnivorous, and have largely depended on human transportation to 
increase their range.    
 
Competition 
Two different forms of competition often occur in ecosystems, exploitative competition 
and interference competition. Exploitative competition involves the ability of an ant 
species to locate a resource quickly and recruit high numbers of workers to the resource 
before other species of ants arrive. Argentine ants are better at exploiting food 
resources than native ants in California (Human and Gordon 1996), and RIFA were 
found to be less efficient at foraging than native ants (Jones and Phillips, Jr. 1990).  
Although RIFA may not be the best at exploitative competition, they still manage to 
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outcompete native ants with their massive populations. As RIFA colony numbers 
increase, native ant populations are reduced due to direct predation or indirectly by 
competing for food or nest sites (Wojcik et al. 1983).  
 
Interference competition involves the ability of an ant species to defend a resource from 
other ant species or dominate a resource by attacking the ants already at the resource. 
Successful invasive ants may be more aggressive than native ant species, as in the 
case of Argentine ants, and are likely to initiate encounters with another ant species 
prompting that species to retreat (Human and Gordon 1999).  The large numbers of 
Argentine ants, physical aggression, and chemical defensive compounds are also to be 
considered when noting the Argentine ants proficiency at interference competition 
(Holway 1999). Early research on the Argentine ant species noted that these ants were 
especially aggressive toward other ant species, yet demonstrated no antagonism 
toward other colonies of Argentine ants (Newell 1909).   
 
One of the reasons that Argentine ants are such good competitors is because they 
typically occur in large numbers, and they lack territorial boundaries and intraspecific 
competition (Porter and Savignano 1990, Barber 1922, Holway 1998b, Holway et al. 
1998). RIFA are also quite numerous, and the polygyne form of this species resembles 
the Argentine ants because of their absence of intraspecific aggression (Human and 
Gordon 1996, Holway 1999). Escape from natural enemies may also play an important 
role in RIFA population increase (Porter et al. 1997, Morrison 2000). 
 
The loss of intraspecific aggression has enhanced the ability of the Argentine ants to be 
successful invaders because they suffer from lower mortality, forage more efficiently, 
and have greater brood production and larger worker populations than Argentine ants 
displaying intraspecific aggression (Holway et al. 1998).   The loss of intraspecific 
aggression, which allows Argentine ants to form supercolonies, may be caused by a 
loss of genetic variability (Tsutsui et al. 2000).  Giraud et al. (2002) contend that this 
loss of intraspecific aggression is not because of a loss in genetic variation, but the 
result of a "genetic cleansing" of recognition cues.  "Unicoloniality, release from natural 
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enemies, and carbohydrate surplus probably all interact with one another in the 
Argentine ant's introduced range, allowing the size, structure, and behavior of colonies 
to reach levels at which they become competitively invincible" (Holway 1999). 
 
Displacement 
Because Argentine ants and RIFA are such good competitors, this often leads to the 
displacement of native species.  The interspecific interactions between Argentine ants 
or RIFA and native ants often result in the displacement of native ants especially 
epigaeic species and create less diverse communities (Crowell 1968, Hung 1978, 
Banks 1989, Human and Gordon 1997, 1999, Human et al. 1998, Holway 1998a, 1999, 
Morrison 2002). Argentine ants and RIFA not only compete against other ant species, 
but they may also adversely affect invertebrate arthropod assemblages (Porter et al. 
1988, Porter and Savignano 1990, Cole et al. 1992, Human and Gordon 1997).  
 
The objective of this study was to measure aggression, as a form of interference 
competition, occurring between Argentine ants and red imported fire ants.  These 
studies of aggressive behavior may offer an insight about what occurs at the Argentine 
ant / red imported fire ant interface.  Although this study includes nestmate and non-
nestmate interactions, nestmate recognition was not the focus of this study.  Many 
aggression bioassays have been performed with the objective of determining the level 
of nestmate recognition (Roulston et al. 2003). Nestmate recognition is an important 
factor to consider when studying social insects such as ants (Vander Meer et al. 1998). 
  
Materials and Methods 
Two different experiments designed to detect interspecific (Argentine ants and RIFA) 
and intraspecific (Argentine ants or RIFA) aggression were used.  The first was one-on-
one interactions where individuals of the same or different species were observed 
together, and the second was ten-on-ten interactions where groups of ten ants from the 
same or different species were observed. 
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One-on-one Interactions 
To investigate aggressive behavior between individual ants of the same or different 
species, bioassays were conducted to observe initial encounters between ants.  This 
first experiment was conducted in small 35 x 10 mm plastic tissue culture dishes 
(Becton Dickinson, Falcon 35-3001, Easy Grip) lined with Teflon (fluoropolymer resin, 
Dupont, Wilmington, DE, production date 05-Jun-03) to prevent ants from escaping.  
Two ants were placed in each petri dish and were immediately observed until their first 
encounter with each other.  The ant that initiated the encounter was noted, and the 
initial encounter was scored as retreat, neutral, or aggressive, and the response to this 
encounter was scored as retreat, neutral, or aggressive.  This aggression rating scale is 
modified from Human and Gordon's (1999) study on behavioral interactions of Argentine 
ants with native ant species (Table 3.1).  All ant interactions observed are listed in Table 
3.2.   
 
Table 3.1. Aggression Rating Scale. 
 
Neutral:  antennating another ant, not followed by aggressive or retreat behavior 
 
Retreat:  run- changing direction and moving quickly away after encountering  
another ant; spasm- curling up and cleaning antennae or legs after encountering 
another ant, or moving legs and body spasmodically after encountering another  
ant 
 
Aggressive:  lunge/chase- moving quickly with open mandibles toward another  
ant; bite- biting any part of another ant's body; gaster tilt- tilting the gaster  
upwards while facing another ant, directing the gaster toward another ant, or  
stinging another ant (RIFA) 
 
 
All interactions involving RIFA contain ants from monogyne colonies, and both lab-
reared colonies (living in rearing room for > 6 months) and recently collected (less than 
36 hours in laboratory) field colonies were used.  Lab-reared RIFA tend to be less 
aggressive toward humans than RIFA collected directly from the field, probably because 
the ants are satiated (pers. obs.).  All Argentine ants were collected directly from the 
field and placed in containers with sides coated in Teflon. Although Argentine ants were 
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3.2. elbaT -no-eno ni devresbo snoitcaretni tnA  .  ni dna tnemirepxe eno  .tnemirepxe net-no-net
yT    dnuoM / ynoloC   noitcaretnI  **sgnipuorG retteL   noitcaretnI fo ep
emas         enitnegrA .v enitnegrA  D    etamtsen /cificepsartni     *
     enitnegrA .v enitnegrA ni    * tnereffid     D   etamtsen-non /cificepsart
emas         AFIR baL .v AFIR baL  C    etamtsen /cificepsartni     
reffid         AFIR baL .v AFIR baL  C   etamtsen-non /cificepsartni     tne
         AFIR dleiF .v AFIR dleiF  C    etamtsen /cificepsartni     emas
id         AFIR dleiF .v AFIR dleiF  A   etamtsen-non /cificepsartni     tnereff
ffid         AFIR dleiF .v AFIR baL  BA   etamtsen-non /cificepsartni     tnere
     enitnegrA .v AFIR baL  BA    detalernu /cificepsretni     tnereffid    
    enitnegrA .v AFIR dleiF  CB    detalernu /cificepsretni     tnereffid     
caxe ni detcudnoc ton erew snoitcaretni net-no-net esehT  * to lla sa rennam emas eht ylt  stna enitnegrA esuaceb sreh
.tniap htiw dekram eb ton dluoc
ettel emas eht yb dewollof snoitcaretnI **  retteL  .tnereffid yltnacifingis ton era r  ;sisylana ledom dexim eht morf sgnipuorg
.)50.0 <p( dohtem remarK -yekuT
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collected from different mounds at a site, they may not actually be from different 
colonies since they are known to form supercolonies (Tsutsui et al. 2000, Giraud et al. 
2002).  There were 10 replications for each interaction. 
 
Ten-on-ten Interactions 
To observe aggressive behavior that occurs when larger groups of competing ants 
(same species or different) are present, another set of bioassays was conducted with 
groups of ten ants of each type (lab-reared RIFA, field-collected RIFA, and Argentine 
ants).  The second experiment was set up similar to the first experiment.  Rectangular 
acrylic containers (17.2cm L X 8cm W X 4cm H) with Teflon on the sides were used as 
arenas for each of the interactions.  Ten ants of each type were used for a total of 20 
ants in each container.  In instances when both types of ants were RIFA, white paint 
from a non-toxic fabric paint marker (Painters, Hunt Corporation, Statesville, NC) was 
used to mark one set of the ants with the rounded end of an insect pin.  Preliminary 
tests showed no differences in behavior or mortality between painted ants and non- 
painted ants.  Interactions with all Argentine ants were performed, but the Argentine 
ants were too delicate to paint.  In these interactions, aggression ratings were assigned, 
but they were assigned to the whole group, not just to the ten ants belonging to the 
same group.  Aggression ratings and mortality were assigned at first contact, after 15 
minutes, after 30 minutes, and after 45 minutes for each group of 10 ants.  
 
Analyses 
The one-on-one interactions were analyzed with mixed model analysis and chi- square 
tables to determine the significance of role (initiator or respondent), the species of ant 
(lab-reared RIFA, field-collected RIFA, or Argentine ant), and aggressive behavior 
between  intraspecific interactions and interspecific interactions.  The ten-on-ten 
interactions were analyzed with mixed model analysis and chi-square tables to 
determine the significance of aggressive behavior in intraspecific and interspecific 
interactions, the species of ant, and aggressive behavior of the initiating ant.  The 
mortality data from the ten-on-ten interactions were analyzed using chi- square tables,  
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logistic regression, and mixed model analyses.  All analyses were performed using the 
SAS version 9.0 software package (SAS Institute Inc., 2002). 
 
Results 
In one-on-one interactions between lab-reared RIFA and field-collected RIFA, both ants 
were equally likely to initiate an encounter with the other ant.  Interactions between lab-
reared RIFA and Argentine ants resulted in Argentine ants initiating encounters in 70% 
of the replicates, and interactions between field-collected RIFA and Argentine ants 
resulted in Argentine ants initiating encounters in 60% of the replicates.  In all 
encounters with RIFA, Argentine ants were the only ants to ever retreat, and they were 
also six times more likely to behave aggressively.  Overall, most ant encounters were 
neutral; only interactions of field-collected RIFA and lab-reared RIFA and lab-reared 
RIFA and Argentine ants had high proportions of non-neutral behavior. 
 
The chi-square analysis for one-on-one ant interactions was performed for interaction 
over aggressive behavior, interaction over retreat behavior, and interaction over neutral 
behavior.  In all cases the ant behaviors were significant.  Interaction over aggressive 
behavior had  χ2= 32.02, df= 8, p< 0.0001, interaction over retreat behavior had χ2= 
17.01, df= 8, p< 0.03, and the interaction over neutral behavior had χ2= 46.2, df= 8, p< 
0.0001.  A mixed model analysis was also performed for the one-on-one ant interactions 
for aggressive behavior and for retreat behavior.  This analysis for aggressive behavior 
revealed that the interaction (F= 5.12, df= 8, 168, p< 0.0001) and the role, initiator or 
respondent, (F= 4.13, df= 1, 168, p< 0.0437) were both significant effects.  The model 
was run with the species of ant (lab-reared RIFA, field-collected RIFA, or field-collected 
Argentine ant) as a random variable to achieve a better fit statistic.  The mixed model 
analysis for retreat behavior revealed that interaction (F=5.2, df=8, 168, p< 0.0001) and 
the species of ant (F= 12.34, df= 2, 168, p< 0.0001) were both significant effects.  This 
analysis was not run with a random variable to achieve a better fit statistic. 
 
In the ten-on-ten interactions, the aggressive behavior of lab-reared RIFA was five times 
greater than the aggressive behavior of Argentine ants.  Field-collected RIFA were three 
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times more aggressive than Argentine ants in the interactions between field-collected 
RIFA and Argentine ants.  Lab-reared RIFA and field-collected RIFA were equally likely 
to demonstrate aggression toward each other.  Overall, more neutral behavior was 
demonstrated more often than any other behavior, but three interactions, field-collected 
RIFA and field-collected RIFA which were non-nestmates, lab-reared RIFA and 
Argentine ants, and lab-reared RIFA and field-collected RIFA, were especially 
aggressive. 
 
The ten-on-ten ant interactions were analyzed in the same manner as the one-on-one 
ant interactions.  The chi-square analysis of interaction over aggressive behavior (χ2= 
153.11, df= 8, p< 0.0001), interaction over retreat behavior (χ2= 132.71, df= 8, p< 
0.0001), and interaction over neutral behavior (χ2= 212.05, df= 8, p<0.0001) were all 
significant.  The mixed model analysis of aggressive behavior revealed that both 
interaction (F= 37.98, df= 8, 349, p< 0.0001) and species of ant (F= 49.09, df= 2, 349, 
p< 0.0001) were significant effects.  The mixed model analysis of retreat behavior 
revealed that both interaction (F=43.07, df= 8, 349, p< 0.0001) and the species of ant 
(F= 83.12, df= 2, 349, p< 0.0001) were significant effects.   
 
The chi-square analysis of mortality over interaction by time was not significant (χ2= 
18.7025, df=12, p= 0.096).  This analysis also showed that in the first 15 minutes, the 
interaction between field RIFA and Argentine ants had the highest number of mortality, 
and all other interactions had no mortality.  However, after 30 minutes, lab-reared RIFA 
and Argentine ants had experienced the highest mortality.  By 60 minutes, lab-reared 
RIFA and Argentine ants still had the highest mortality, followed by field-collected RIFA 
and Argentine ants, then non-nestmate field-collected RIFA and field-collected RIFA, 
then lab-reared RIFA and field-collected RIFA, then non-nestmate lab-reared RIFA and 
lab-reared RIFA.  Overall, Argentine ants suffered the highest mortality. 
 
When the likelihood of a specific interaction at a specific time was compared using 
logistic regression was performed, and both the interaction and the time were significant 
when the interact * time interaction was not included (χ2= 39.06 , df= 8, p< 0.0001 for 
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interactions, χ2= 36.17, df= 3, p< 0.0001 for time).  When the interaction * time 
interaction was included in the model, nothing was significant.   
 
The interaction between non-nestmate field-collected RIFA and field-collected RIFA is 
11.3 times more likely to have mortality than nestmate lab-reared RIFA and lab-reared 
RIFA, and the interaction between lab-reared RIFA and Argentine ants is 30.4 times 
more likely to have mortality than non-nestmate lab-reared RIFA and lab-reared RIFA.  
Also the probability (0.013 times more likely) of having mortality at 15 minutes is very 
low when comparing the 15 minute time group to 60 minute time group. 
 
To determine if mortality was associated with aggression over time, a mixed model 
analysis was performed using the log of the mortality to achieve more normality.  Data 
were not normal after this transformation, but were closer to normal than before the 
transformation.  The mixed model analysis of the log transformed mortality revealed that 
the effects interaction, time, and interaction * time were all significant (F= 53.29, df= 8, 
522, p< 0.0001 for interaction, F= 19.59, df= 3, 522, p< 0.0001 for time, and F= 4.19, 
df= 24, 522, p< 0.0001 for interaction * time).  All RIFA nestmates are not aggressive 
toward one another regardless of whether they were lab reared or field collected.   Lab-
reared non-nestmate RIFA were also not significantly different from the RIFA nestmate 
interactions.  Argentine ants are not aggressive toward other Argentine ants, and these 
interactions were significantly different from the nestmate RIFA interactions because no 
instances of aggression were ever observed.  The complete list of interactions and their 
letter groupings can be found in Table 3.2.  The 15 minute time group was significantly 
different from all other time groups. The 30 minute time group was not significantly 
different from the 45 minute time group, both it was significantly different from the 60 
minute time group.  The 45 minute time group was not significantly different from the 30 
minute time group or the 60 minute time group. 
 
Discussion 
Both the one-on-one interactions and the ten-on-ten interactions had similar results.  All 
intraspecific nestmate interactions demonstrated neutral behavior as expected.  The 
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intraspecific nestmate and non-nestmate interactions of Argentine ants confirms other 
reports in the literature, because all results indicated neutrality.  Argentine ants are 
capable of forming supercolonies (Tsutsui et al. 2000, Giraud et al. 2002) and have lost 
their intraspecific aggression (Barber 1922, Holway 1998b, Holway et al. 1998).   In the 
southeastern United States, isolated colonies of Argentine ants have exhibited high 
levels of aggression (Roulston et al. 2003), but since all Argentine ants were collected 
from a single field in Baton Rouge, they were not isolated and may have been an 
example of a very large colony with several mounds.  In the case of RIFA, high levels of 
aggression were not expected between nestmates, but they were expected between 
non-nestmates.  These results confirmed low levels of aggression between nestmates, 
but non-nestmates from lab-reared colonies also had a relatively low level of 
aggression.  This low level of aggression between non-nestmates of lab-reared RIFA 
may be explained by the fact that they occupy a single small rearing room and are fed 
the exact same diet, and they may all have a common "odor" even though they are kept 
as separate colonies (Vander Meer et al. 1998). The lab-reared RIFA were expected to 
have lower levels of aggression compared to field-collected RIFA because of their 
observed loss of aggression toward humans and because of their continuously available 
food supply.  However, lab-reared RIFA were even more aggressive toward Argentine 
ants than field-collected RIFA were toward Argentine ants, and lab-reared RIFA were 
also especially aggressive toward field-collected RIFA.   
 
Although Argentine ants were likely to initiate encounters with other ants in Human and 
Gordon's study (1999) and in this study, they were also more likely than RIFA to retreat.  
The ability of Argentine ants to quickly assess the situation and promptly make a 
decision and act on it probably gives Argentine ants an advantage when competing with 
other ants.  Argentine ants typically use chemical defensive compounds when engaging 
in interference competition, but in these bioassays, the RIFA showed no reaction to 
defensive compounds.   
 
The mortality data showed that Argentine ants suffered high mortality compared to 
RIFA.  Interactions involving Argentine ants have a higher mortality early on whereas 
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interactions with lab-reared RIFA have a very low mortality throughout the duration of 
the experiment.  The Argentine ants were quick to engage in interference competition 
with RIFA, but they were often not the victorious survivor.  These data support the idea 
that Argentine ants may not be the better competitor at interference competition with 
RIFA. 
  
Although many studies have documented the interaction between Argentine ants and 
native ants and RIFA and native ants (Crowell 1968, Hung 1978, Banks 1989, Jones 
and Phillips, Jr. 1990, Human and Gordon 1996, Human and Gordon 1997, 1999, 
Human et al. 1998, Human and Gordon 1999, Holway 1988a, 1999, Morrison 2002), no 
other study has looked at interactions between RIFA and Argentine ants and the 
behavior at this interface between these two species.  Both Argentine ants and RIFA 
occupy similar habitats, but what allows one species to dominate a territory is still 
unknown. 
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Chapter 4 
Summary and Conclusions 
 
Ant distribution can be determined by abiotic and biotic factors. The field study 
showed that certain factors may affect ant abundance. The number of red 
imported fire ants foraging at Vienna sausage vials and honey vials  were affected 
by cloud cover, vegetation type, relative humidity, and the distance to the nearest 
water source. Mounds of RIFA were most affected by the percent of clay in the 
soil. The abundance of Brachymyrmex was affected by vegetation type, canopy 
cover, and bulk density, and the presence of Argentine ants was affected by 
temperature, relative humidity, and bulk density. Bulk density may be associated 
with areas of high disturbance which would lead to soil compaction. These 
factors were not significant in most cases, and this may be a reflection of the 
uniformity of East Baton Rouge parish in its topography, weather, and soil 
characteristics. Disturbance through human activities changes the environment, 
and all three ant species studied thrive in highly disturbed habitats. Perhaps the 
most likely event that would alter present ant distributions would be the 
introduction of yet another invasive ant species. 
 
Competition, both exploitative and interference, can shape ant communities and 
change their dynamics. In the late 1930's, Argentine ants were the major ant 
pests in East Baton Rouge parish, and presently RIFA are the major ant pests in 
the area. No environmental factors were discovered which would explain this 
shift, however the aggression bioassays offer an explanation for this shift. When 
RIFA and Argentine ants interact, Argentine ants face a higher risk of mortality. 
The loss of intraspecific aggression and the ability Argentine ants have to build 
supercolonies does not appear to be enough of a competitive advantage to 
displace RIFA. Invasive species are often characterized by their loss of 
intraspecific aggression and their ability to form large populations. Although 
monogyne RIFA have high intraspecific aggression, this aggressive ability has 
enabled these ants to displace native ant species.     
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Appendix: Soil Analysis Procedures  
 
Bulk Density 
1)  A soil sample of known volume was taken from the top layer of soil after 
vegetation had been removed.  A hole saw blade was used to collect these 
samples.  Each sample was placed in a paper bag (which had been weighed) 
and transported back to the lab. 
2) The soil sample was dried in the paper bag in an oven for 24 hours at 85 C. 
3)  Then each dry soil sample was weighed in the bag.   
 
To calculate bulk density of the soil sample: 
(weight of dry soil sample in bag - weight of paper bag) g 
      (hole saw volume) cm3 
 
 
 
Soil Moisture 
1)  Soil samples from the top layer of soil were collected from the field after the 
vegetation had been cleared.  These samples were sifted through a mesh screen 
with openings approximately 2cm2 to exclude large particles such as roots and 
gravel.  Soil samples were then transported back to the laboratory in large plastic 
resealable storage bags. 
2) Weigh out approximately 5 g of fresh soil, and place soil sample in an 
aluminum weigh boat. Record weight of fresh soil used and the weight of the 
aluminum weigh boat. 
3) Dry soil samples in an oven for 24 hours at 100 C. 
 To calculate percent soil moisture: 
weight of dry soil = (wght. of dry soil with Al weigh boat - wght. of Al weigh boat) 
 
% soil moisture = (weight of fresh soil - weight of dry soil)     X    100        
              weight of dry soil  
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Grain Size Analysis Procedure / Soil Texture Protocol 
 
Sodium hexametaphosphate (NaPO3)12-13 • Na2O) is used to make a solution with 
100g SHMP / L deionized H20.  The SHMP must be added slowly to the 
volumetric flask containing the DI water, because SHMP is not highly soluble. 
 
This procedure will take two days to perform. 
 
DAY 1 Afternoon 
1) Weigh 20-30g of soil into 500mL Nalgene bottle with a spill proof screw top. 
2) Add 20mL of SHMP solution and 250mL DI water to the Nalgene bottle with 
the soil sample. 
3) Put these samples on shaker overnight at 200-250 rpm. 
4) To measure the soil moisture factor, weigh 15-20g of soil in beaker, and place 
in oven at 90 C. Record the weight of the beaker used and starting sample 
weight. 
 
DAY 2 Morning 
1) Wet the sieve (USA Standard Test Sieve as per ASTM E-11 specifications, 53 
µm opening, sieve no. 270), then sieve in parts into 1000 mL graduated cylinder 
with DI water. A funnel was fitted to the bottom of the sieve to facilitate this 
process. 
2) Weigh beakers for sand fraction, and place the sand (those particles left on 
top of the sieve) into the weighed beakers and put in oven at 90 C. Record the 
weight of the beaker. 
3) In a graduated cylinder, make a blank by adding 20 mL SHMP solution and fill 
to 1000mL with DI water. 
4) Stir samples in graduated cylinders to get all settled particles off of the bottom 
of the graduated cylinder, then let a ll of the graduated cylinders (blank and ones 
with samples) sit for 6-8 hours.  
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5) Remove soil moisture samples from the oven and record the total weight of 
the dry sample with the beaker. 
 
DAY 2 Afternoon 
1) Use a hydrometer (ASTM Soil Hydrometer, 152 H, Temp. 68 F, grams/liter 
Bouyoucos Scale, H-B Instrument Co.), and take readings of the blank and soil 
samples. 
2) Weigh sand fraction from the oven. Record the total weight of the dry sand 
fraction with the beaker. 
 
Calculations: 
Soil Moisture Factor 
1 +    (starting sample weight - dry sample weight)  
         (dry sample weight)          
Dry Sample Weight  
Total weight of dry soil sample with beaker - weight of beaker 
 
 
Percent of Sand from Soil Sample 
(Total weight of dry sand with beaker - weight of beaker)  X      100 
    (weight of soil sample shaken / soil moisture factor) 
 
Percent of Clay from Soil Sample 
(Hydrometer reading - hydrometer reading of blank)  X      100 
(weight of soil sample shaken / soil moisture factor)  
 
Percent of Silt from Soil Sample 
100 - percentage of sand - percentage of clay 
 
 
Determination of Basic Soil Textural Class Names 
 
Brady, Nyle C. and Weil, Ray R. 1999. The Nature and Properties of Soil. 12th 
edition.  Prentice Hall. Upper Saddle River, NJ. pg. 125-127. Fig. 4.8.  
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